Humans and chimpanzees are believed to have shared a common ancestor about 6 million years ago. Here using a new distance measure called the Jump distance, we calculate the number of base substitutions that might have occurred in the mitochondrial DNA during these 6 million years.
2
Distance metrics plays an important role in phylogenetic reconstruction. We have various distance metrics used in phylogenetic analysis which are based on different DNA substitution models such as: Jukes-Cantor [2] , Kimura [3, 4] , Felsenstein [5, 6] , Hasegawa, Kishino and Yano [7, 8] , Tamura and Nei [10] , Posada [11] and Tavare [9] . In each of these models, we have a base substitution process which is a continuous-time Markov chain with states } , , , { T G C A , a 4× 1 vector of equilibrium probabilities π and a 4× 4 rate matrix Q. Among all these models the GTR (generalized time reversible) model by Tavare [9] is the most general model in the sense that the rate matrix Q for these model generalizes the rate matrices for the other models. For a more detailed discussion see Huelsenbeck et al. [12] . There are distance metrics under more complex models, which can treat the case of unequal evolutionary rates across lineages, like the one discussed in Galtier and Gouy [13] , the paralinear distance [14] and the LogDet distance [15, 16] .
Very recently Minin and Suchard [17] , studied how to count the transitions in an indicating it is the average number of changes that occurred to a base, which is subject to changes that are driven by a Markov chain with generator matrix Q, in the interval (0, t].
In this paper, we use the jump distance to calculate the number base changes that might have occurred between humans and chimpanzees.
Materials and Methods

Materials
We selected the mitochondrial DNA sequences of Homo sapiens (NC 012920)
and Pan troglodytes (NC 001643) from the GenBank database. These sequences were them aligned using ClustalW [20] . The jump distance between humans and chimpanzees are then calculated by assuming the following forms for the Q matrix.
The different substitution models used
We calculated the jump distance ) (t d Q assuming 4 different models. The first three definitions were based on the Jukes-Cantor, F84 and Kimura-2-parameter models respectively. The generator matrix Q in these three cases were named as J Q , F Q , and K Q respectively. These matrices are given by:
A fourth model with the following Q matrix is also studied: For finding the total number of base substitutions that might have happened between human and chimpanzee mitochondrial genome, we make the following assumptions:
1. Humans and Chimpanzees diverged from a common ancestor around 6 million years ago.
2. Different base changes occur according to the particular rate matrix Q with parameters (base change rates per one million year) as given in table 1.
According to the definition, the distance function
gives the average number of changes occurred to a base in the time interval (0, t], assuming that the changes are driven by a Markov chain with generator matrix Q. Since we want to measure the number of changes during 6 million years, we fix t = 6. Now agreeing that there are 16000 bases in the mitochondrial DNA, we calculate the total number of Mitochondrial base changes as equal to 16000 x ) 6 ( Q d .
Numerical results
We fixed the average rate of base change per one million year as 0.15 in all the substitution models studied. The jump distance was found the highest in the case when the substitution model was taken as Kimura -2 -parameter model. In the case of the other three models, the distance values were not too far from one another. The average jump distance was found to be 0.681 and the average number of base substitutions 5 between Humans and Chimpanzees was obtained as 10899. Table 2 contains the number of base substitutions for different models of substitution process. 
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